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AUTOSAMPLER SAMPLE AND SAMPLLE
RACK IDENTIFICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 335
U.S.C. § 119(e) of U.S. Provisional Application Ser. No.

62/201,725, filed Aug. 6, 2015, and ftitled “AUTOSAM-
PLER SAMPLE RACK IDENTIFICATION,” and of U.S.
Provisional Application Ser. No. 62/201,722, filed Aug. 6,
2015, and titled “AUTOMATIC DETECTION OF
EXPIRED STANDARD SOLUTIONS,” each of which is
herein incorporated by reference in its entirety.

BACKGROUND

In many laboratory settings, it 1s often necessary to
analyze a large number of chemical or biochemical samples
at one time. In order to stream-line such processes, the
manipulation of samples has been mechanized. Such mecha-
nized sampling 1s commonly referred to as autosampling and
1s performed using an automated sampling device or
autosampler.

SUMMARY

A sample 1dentification system for an automated sampling
device 1s described. A system embodiment includes, but i1s
not limited to, a sample holder having a plurality of aper-
tures configured to receive a plurality of sample vessels
therein, the sample holder having one or more correspond-
ing sample holder identifiers positioned proximate to the
sample holder; and an 1dentifier capture device configured to
detect the one or more sample holder identifiers positioned
proximate to the sample holder and generate a data signal in
response thereto, the data signal corresponding to at least an
orientation of the sample holder relative to a surface on
which the sample holder 1s positioned.

A method embodiment includes, but 1s not limited to,
detecting a sample holder 1dentifier positioned on a sample
holder, the sample holder having a plurality of apertures
configured to recerve a plurality of sample vessels therein;
and determining an orientation of the sample holder based
upon the sample holder identifier detected, the orientation of
the sample holder being relative to a surface on which the
sample holder 1s positioned.

This Summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

FIGURES

The Detailed Description 1s described with reference to
the accompanying figures. The use of the same reference
numbers in different instances in the description and the
figures may indicate similar or 1dentical items.

FIG. 1 1s an 1sometric view 1llustrating an automated
sampling or dispensing device 1n accordance with example
implementations of the present disclosure.

FIG. 2A 1s a partial 1sometric view illustrating an auto-
mated sampling or dispensing device 1n accordance with
example implementations of the present disclosure, where a
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center slot 1n the support surface 1s present allowing the
sample arm assembly to be connected with the drive assem-
bly.

FIG. 2B 1s a partial 1sometric view 1llustrating an auto-
mated sampling or dispensing device in accordance with
example implementations of the present disclosure, where a
raised slot on the support surface i1s present to attach the
sample arm assembly to the drive assembly.

FIG. 3 1s an exploded view of the automated sampling or
dispensing device shown in FIG. 1, further illustrating
components of the device.

FIG. 4A 1s an 1sometric view 1illustrating an automated
sampling or dispensing device 1n accordance with example
implementations of the present disclosure where multiple
sampling arm assemblies and drive assemblies are mounted
to the top of the support surface of the automated sampling
or dispensing device.

FIG. 4B 1s a plan view 1llustrating an automated sampling,
or dispensing device in accordance with example implemen-
tations of the present disclosure, where multiple sample arm
assemblies and rinse stations are present on one support
surtace.

FIG. 5 1s an 1sometric view illustrating an automated
sampling or dispensing device 1n accordance with example
implementations of the present disclosure, where the support
surface of the automatic sampling or dispensing device 1s
provided with more than one plane.

FIG. 6 1s an 1sometric view of the automated sampling or
dispensing device shown 1n FIG. 1, further illustrating the
drive assembly.

FIG. 7 1s a partial 1sometric view of the drive assembly
shown 1n FI1G. 6, further illustrating components of the drive
assembly.

FIG. 8 1s a partial 1sometric view 1llustrating a sample arm
assembly for an automated sampling or dispensing device 1n
accordance with example implementations ol the present
disclosure.

FIG. 9A 1s a plan view 1illustrating a support surface for
use with an automated sampling or dispensing device, where
the support surface includes a slot and has a footprint in
accordance with example implementations of the present
disclosure.

FIG. 9B 15 a plan view 1llustrating a support surface for
use with an automated sampling or dispensing device, in
accordance with example implementations ol the present
disclosure.

FIG. 10 1s an 1sometric view 1llustrating an automated
sampling or dispensing device 1 accordance with example

implementations of the present disclosure, where the device
includes a shroud.

FIG. 11 1s an 1sometric view 1illustrating an automated
sampling or dispensing device 1n accordance with example
implementations of the present disclosure, where the device
1s contained within a hood.

FIG. 12 1s an 1sometric view 1llustrating an automated
sampling or dispensing enclosure in accordance with
example implementations of the present disclosure, where
the enclosure includes two flexible sheets.

FIG. 13 1s a partial front view of the automated sampling
or dispensing device enclosure as illustrated in FIG. 12,
where one of the flexible sheets of the enclosure 1s retracted.

FIG. 14 1s a front view of the automated sampling or
dispensing device enclosure as illustrated 1n FIG. 12, where
the mechanism of fastening a flexible side shut 1s demon-
strated.
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FIG. 15 1s a front view of the automated sampling or
dispensing device enclosure as illustrated in FIG. 12, where
the flexible sheets have been removed.

FIG. 16 1s an 1sometric view 1llustrating an enclosure for
a bench top automated sampling or dispensing device 1n
accordance with example implementations of the present
disclosure, where the enclosure includes flexible sheets
which are 1n a closed position.

FI1G. 17 15 a front view of the enclosure for the bench top
automated sampling or dispensing device as illustrated 1n
FIG. 16, where the flexible sheets are 1n an open position.

FIG. 18 1s an 1sometric view 1llustrating an enclosure for
an automated sampling or dispensing device in accordance
with example implementations of the present disclosure,
where the enclosure includes a single flexible front sheet.

FIG. 19 1s an 1sometric view of the enclosure for the
automated sampling or dispensing device as 1illustrated 1n
FIG. 18, where the front sheet 1s retracted allowing access to
the device.

FIG. 20 1s a partially exploded isometric view of an
automated sampling or dispensing device having a sample
identification system 1n accordance with example imple-
mentations of the present disclosure.

FIG. 21A 15 an 1sometric view of the automated sampling
or dispensing device of FIG. 20.

FIG. 21B 1s an 1sometric view of an automated sampling,
or dispensing device having a sample 1dentification system
in accordance with example implementations of the present
disclosure.

FIG. 21C 1s an 1sometric view of the automated sampling
or dispensing device of FIG. 20 shown in an operating
position.

FI1G. 22 15 a partial side view of an 1dentifier arm assembly
in position beneath a sample holder having sample vessels
with sample 1dentifiers.

FIG. 23 A 15 an 1sometric view of a sample holder includ-
ing a substantially transparent bottom.

FIG. 23B 1s an 1sometric view of a sample holder includ-
ing a first set of apertures configured to hold sample vessels
and a second set of apertures on a bottom portion of the
sample holder.

FIG. 24 1s a partial side view of an identifier capture
device and a sample probe, where the identifier capture
device 1s aligned with the sample probe.

FIG. 25 1s an 1sometric view of an 1dentifier arm assembly
having an 1dentifier capture device.

FIG. 26A 1s a side view of an idenftifier arm assembly
relative to an 1dentifier capture device for a system, such as
the system shown in FIG. 20, where the identifier arm
assembly 1s positioned substantially perpendicular to the
alignment axis, and where the identifier capture device is
positioned at an angle from perpendicular to the alignment
axis.

FIG. 26B 1s a side view of an i1dentifier arm assembly
relative to an identifier capture device for a system, such as
the system shown in FIG. 20, where the 1dentifier capture
device 1s positioned substantially perpendicular to the align-
ment axis, and where the identifier arm assembly 1s posi-
tioned at an angle from perpendicular to the alignment axis.

FIG. 27 1s a bottom perspective view of a sample holder
including sample holder identifiers 1 accordance with
example implementations of the present disclosure.

FIG. 28A 1s an 1sometric view of an automated sampling
or dispensing device having sample vessels positioned 1n
slots, numbers one to four, distal to a z-axis support.

FIG. 28B 1s a diagrammatic top view showing the auto-
mated sampling or dispensing device detecting sample ves-
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sels positioned in slots, numbers one to four, distal to a
center slot through which a z-axis support can pass.

FIG. 29A 15 an 1sometric view ol an automated sampling
or dispensing device with sample vessels positioned 1n slots,
numbers one to four, adjacent to a z-axis support.

FIG. 29B 1s a diagrammatic top view showing the auto-
mated sampling or dispensing device detecting sample ves-
sels positioned 1n slots, numbers one to four, adjacent to a
center slot through which a z-axis support can pass.

FIG. 30A 15 an 1sometric view of an automated sampling
or dispensing device having a plurality of scientific standard
solution vessels positioned 1n slots accessible by a probe of
the automated sampling or dispensing device 1n accordance
with an example implementation of the present disclosure.

FIG. 30B 1s a diagrammatic bottom view of a scientific
standard solution vessel having a standard 1dentifier associ-
ated therewith 1n accordance with an example implementa-
tion of the present disclosure.

FIG. 30C 1s a diagrammatic top view showing the auto-
mated sampling or dispensing device detecting scientific
standard solution vessels positioned in slots, numbers one to
three, 1n accordance with an example implementation of the
present disclosure.

FIG. 30D 1s a table showing information associated with
scientific standard solutions, where a standard identifier
associated with one of the scientific standard solutions
corresponds to an expired scientific standard solution.

FIG. 31 1s an 1sometric view of an automated sampling or
dispensing device including an enclosed sample holder and
a heating element in accordance with example implemen-
tations of the present disclosure.

FIG. 32 1s an 1sometric view of an automated sampling or
dispensing device including an enclosed sample holder and
a sampling base 1n accordance with example implementa-
tions of the present disclosure.

FIG. 33 1s an 1sometric view of a sampling base of an
enclosed sample holder, where the sampling base includes
one or more protrusions for mating with a support surface.

FIG. 34 1s an 1sometric view 1illustrating a support surface
for use with an automated sampling or dispensing device,
where the support surface includes recesses for mating with
a sampling base 1n accordance with example implementa-
tions of the present disclosure

DETAILED DESCRIPTION

Overview

Often 1n laboratory settings, large numbers of samples are
analyzed. Autosamplers are frequently used to test the
composition of these samples. Using an autosampler allows
more samples to be prepared and tested. During the sample
preparation process, multiple samples may be prepared and
placed 1n individual sample vessels at one time or over a
pertod of time, which can lead to errors associated with
sample 1dentification. For example, laboratory personnel can
place samples prepared for testing 1n sample vessels without
labeling the vessels or i1dentifying the sample vessels 1n
some manner. This lack of labeling or identification may
lead to errors (e.g., misplacement of samples, misidentifi-
cation of samples, etc.) when arranging the samples for
testing via autosampler or when entering the sample nfor-
mation 1nto a computer system connected to an autosampler.
For example, the sample rack itself could be placed 1n an
orientation relative to the autosampler that would result 1n
skewed data analysis even 1f the sample vessels were
properly arranged within the sample rack.
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Accordingly, a sample 1dentification system for an auto-
mated sampling device 1s disclosed that includes a sample

holder having one or more corresponding sample holder
identifiers positioned proximate to the sample holder. The
system also mcludes an 1dentifier capture device configured
to detect the one or more sample holder i1dentifiers posi-
tioned proximate to the sample holder and generate a data
signal 1n response thereto, the data signal corresponding to
at least an orientation of the sample holder.

Example Implementations

FIG. 1 illustrates automated sampling device 100 in
accordance with an example implementation of the present
disclosure. Automated sampling device 100 includes table
top 102 and sample arm assembly 104. Further, sample
holders 106 holding multiple sample vessels 108 are present
on table top 102 in preparation for sample assaying. It
should be understood that automated sampling device 100
may assay irom one to many hundreds of samples (e.g.,
greater than 1200 samples in the example implementation
illustrated) 1 a given time depending upon test require-
ments. Verification of a sample 1dentity of a sample to be
analyzed 1s described with reference to FIGS. 20 through
29B.

In the implementation illustrated, sample arm assembly
104 includes a z-axis support 110 and a sample probe
support arm 112 that supports a sample probe 114. As
illustrated, the z-axis i1s aligned with gravity or a vertical
axis. In use, sample probe 114 1s mounted to sample probe
support arm 112, which 1s moved through space in three
dimensions, or about an axis having y-motion that 1s a
substantially rotary motion and along an axis having x-mo-
tion which 1s at least substantially horizontal linear motion
or translation, and along a z-axis that 1s at least substantially
vertical, for linear motion or translation. In an implementa-
tion, the length of a sample probe support arm (the length of
an arm extending from the y-rotary axis) 1s no more than
one-half the length of a linear translation of the center slot
(1.e., 1s no more than half of the length of x-axis linear
motion). In an implementation, the length of the sample
probe support arm 1s approximately equal to one-half the
length of a linear translation of the center slot. Such con-
figuration allows nearly one hundred percent of the footprint
of the table to be accessed by the sample probe. Footprint 1s
defined as being substantially equivalent to an area encom-
passed by the area of the table top. In an additional 1mple-
mentation, the y-rotary axis of an automated sampling
device allows for access to sample vessels on either side of
the x-axis motion of linear travel (1.e., on either side of the
center slot).

In an implementation, the components of sample arm
assembly 104 are formed of carbon composite materials.
Further, all exposed surfaces of the sample arm assembly
104 are made from 1nert or fluoropolymer-covered materials
(1.e., Tetlon®). It should be understood, however, that the
sample arm assembly may be made with various materials,
including aluminum, steel, plastic, and so forth.

In addition, sample arm assembly 104 1s designed to
attach to various surface supports including a table top. Such
assembly may be attached to eirther side of the center slot. In
an 1implementation, table top 102 may be mounted onto legs
with casters 118, rollers and so forth. Such configuration
increases the mobility of the automated sampling device,
thereby facilitating preparation of samples at a location
separate from the analytical instruments. Further, this con-
figuration provides storage room underneath the table top
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which may be absent with bench-top automated sampling
devices. The height of the table 1s adjustable to compensate
for the eflects of gravity on liqud flow rates when seli-
aspirating sampling devices are used. The ability to adjust
table top height also allows the automated sampling device
to accommodate various sized sample vessels.

FIGS. 2A and 2B are additional illustrations of automated
sampling or dispensing devices 1in which the sample arm
assembly 1s attached to the drive assembly via a center slot
or a raised slot, respectively. In FIG. 2A, automated sam-
pling device 100 1s comprised of sample arm assembly 104
extending through center slot 120 and table top 102 includ-
ing a plurality of recesses 124 and the channel 126. The
sample arm assembly 104 1s attached to the drive assembly
(not shown) via center slot 120. In an implementation, the
plurality of recesses 1s coupled with sensors for detecting the
location of sample holders. The sample holder location
information may then be transferred to a controller of a drive
assembly controlling the sample arm assembly providing the
alignment system. The previous configuration allows the
sample arm assembly to detect the location of sample
vessels on the table top at a given time. Channel 126 runs
along the edge of table top 102 to collect possible sample
spillage.

In addition to FIG. 2A, FIG. 2B demonstrates an auto-
mated sampling or dispensing device including a sample
arm assembly 104 attached to the drive assembly 128 via a
raised slot 129. In one implementation, a magnet 131 1s
attached to the end of the sample probe support arm 112
which allows detection of a three-dimensional position in
space where the magnet 131 1s embedded into the sample
probe support arm 112 and 1s detected by a sensing means
such as a Hall Effect sensor.

Referring now to FIG. 3, an exploded view of the com-
ponents comprising the automated sampling device 100 1s
provided. The automated sampling device 100 1s comprised
ol a table top 102 with center slot 120, drive assembly 128,
sample arm assembly 104, housing 130, and controller 132.
Sample arm assembly 104 includes z-axis support 110
attached to drive assembly 128, sample probe support arm
112 attached to z-axis support 110, and sample probe 114
attached to sample probe support arm 112. Sample arm
assembly 104 1s controlled by drive assembly 128 and
controller 132. In an implementation, drive assembly 128
causes sample arm assembly 104 to move along center slot
120, 1n translation along an axis coaxial to z-axis support
110, and radially about the z-axis for inserting sample probe
114 1nto a sample vessel. Further, sample arm assembly 104
1s no more than one-half the length of a linear translation of
the length of center slot 120. As previously mentioned, such
configuration allows nearly one hundred percent of the
footprint to be accessed by sample probe 114. In addition,
automated sampling device 100 1s capable of assaying
hundreds of samples at a given time without operator
assistance, thereby allowing the operator to perform other
tasks. Moreover, 1t 1s possible to configure the automated
sampling device to assay samples overnight, allowing work
productivity to be increased.

To accommodate gross differences 1n sample vessel
height, sample probe support arm 112 may be moved up or
down z-axis support 110 as desired prior to sample assaying.
Once the desired position 1s reached, sample probe support
arm 112 1s secured into a fixed position on z-axis support 110
and sample vessels containing samples may be loaded onto
the table top. This feature allows the automated sampling
device to be used on various sizes of sample vessels while
still not having mechanical moving parts above stationary
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samples. Additionally, housing 130 encloses drive assembly
128 to protect the assembly from debris, dust, contaminates,
and so forth. Housing 130 may be made of various materials,
¢.g., blow molded polyethylene, and so forth.

FIGS. 4A and 4B illustrate an automated sampling device
200 1n accordance with another example implementation of
the present disclosure, where multiple sampling arm assem-
blies (i1.e., sample arm assembly 206, 208, and 210) are
mounted to the table top of the automated sampling device.
Automated sampling device 200 includes multiple auto-
mated sampling devices attached to a table top at one time.
A rail 202 1s attached to the edge of table top 204 to enable
the attachment of additional sample arm assemblies (i.e.,
sample arm assembly 206 and 212). Utilization of additional
sample arm assemblies allows multiple sample zones to be
configured (1.e., a prep zone, an assaying zone, and so forth).

In additional implementations, various types of multiple
rinse or eluent stations may be included in the automated
sampling device. For instance, multiple rinse stations (1.e.,
214 and 216) of the overtlow type designed to reduce the
chance of carry-over contamination may be present. Further,
overtlow rinse stations may contain a series of different
chemical rinses to reduce contamination between sample
analyses (e.g., surfactant, nitric acid, hydrofluoric acid,
and/or deionized water). For multiple eluent stations, the
automated sampling device may contain such stations for
step elution from a chromatographic column.

Referring now to FIG. 3§, an automated sampling device in
accordance with another example implementation of the
present disclosure 1s described, where a table top having
more than one plane 1s provided. Automated sampling
device 300 includes table top 302 which has more than one
plane, plane one 304 and plane two 306. Such configuration
allows table top 302 to accommodate various sizes of
vessels. For instance, the height of vessels 1n plane two 306
may be taller than vessels 1n plane one 304 of table top 302.

FIGS. 6 and 7 further illustrate a drive assembly of
automated sampling device 100 attached to a table top
bottom. FIG. 6 provides an overview of a drive assembly in
accordance with the present disclosure, depicting a linear
drive 134 running parallel to center slot 120 and connected
to sled 128. FIG. 7 1s an enlarged view of the drive assembly
illustrated 1n FIG. 6. Drive assembly 100 1s comprised of
motor one 138, motor two 140, motor three 142, sled 136,
linear drive 134, and controller 132. Motor one 138 controls
translation of a sample arm assembly’s movements along the
center slot 120 and 1s attached to table top bottom 144 and
linear drive 134. Various stepper motors may be used to
control translation of the sample arm assembly’s movements
along center slot 120. Moreover, 1t will be appreciated that
various linear drives may be used including a worm drive.
Motor two 140 controls angular rotation of a sample arm
assembly and 1s connected to sled 136. In an implementa-
tion, motor two 140 1s a radial motor. Motor three 142
controls vertical movement of a sample arm assembly and 1s
attached to sled 136. Various stepper motors may be used for
controlling vertical movement of the sample arm assembly.
In an additional implementation, motor three 142 comprises
a slip-clutch system. Further, 1n accordance with the present
disclosure, the drive assembly may be hard-wired or, 1n
another implementation, controlled via wireless communi-
cation. Thus, wireless communications may be used to
connect controller 132 with the desired analytical instrument
(not shown). Utilization of wireless communications allows
sample assaying to occur without requiring physical con-
nection with a controller computer increasing mobility of the
automated sampling device.
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FIG. 8 provides a detailed depiction of a sample arm
assembly of an automated sampling device 1n accordance
with the first example implementation of the present disclo-
sure. As previously described, the sample arm assembly
includes z-axis support 110 attached to a drive assembly (see
FIGS. 6 and 7), sample probe support arm 112 attached to
z-ax1s support 110, and sample probe 114 attached to sample
probe support arm 112. In an implementation, the sample
arm assembly 1s attached to the drive assembly via the z-axis
support extending through a center slot in the table top; 1n
such implementation, the drive assembly 1s attached to a
table top bottom. However, it should be understood that the
drive assembly may be disposed in a variety of locations
including on top of the table top without departing from the
scope of the present disclosure.

In an additional implementation 1n accordance with the
present disclosure, sample tubing 146 1s present to allow
sample removal or reagent delivery as desired. Further, a slip
bearing 1s built into sample probe 114 to prevent winding of
sample tubing 146. It 1s contemplated that the sample may
be delivered to various types of scientific instrumentation
(e.g., an inductively couple plasma system, a mass spec-
trometer, and so forth) or a number of other types of vessels
(e.g., a waste collecting bucket following a wash step). It 1s
turther contemplated that the sample tubing may be flexible
(as shown) or rigid, e.g., comprised of plastic, metal, and so
forth. In another implementation, the automated sampling
device may be equipped with one or more independent
components for the purpose of sample preparation, sample
dilution, addition of standards to samples or sample acidi-
fication.

Referring to FIGS. 9A and 9B, tables for use with an
automated sampling device are described 1n accordance with
example implementations of the present disclosure. First, the
table 102 1includes a slot of length L providing for translation
of the sample arm assembly along the length of the table.
Further, the table 102 has a footprint for maximizing the
usable area of the table 102. As illustrated 1n FIG. 9A, the
table 102 has a width L substantially equal to the length of
the slot L. Moreover, the table 102 1s twice as long as the
slot, having a length of 2 L. Further, the arm length of a
sample probe assembly (as shown i1n FIGS. 1, 2, and 3) 1s
half the length of the slot, having length L/2. This configu-
ration allows for approximately one hundred percent of the
footprint of the table to be accessed. In contrast, FIG. 9B
illustrates an additional implementation 1n accordance with
the present disclosure whereby the table i1s the shape of a
semi-circle and a non-centered slot system 1s employed.

Referring to FIG. 10, automated sampling or dispensing,
device 500 includes a shroud 502. In an example implemen-
tation, the shroud 502 substantially encloses the drive
assembly 128 (FIG. 3) for protecting the drive assembly
from dust and debris, and/or preventing dust and debris from
the drive assembly from contaminating samples during
assaying.

FIG. 11 1illustrates automated sampling device 600 com-
pletely enclosed within a hood 602. Use of the hood allows
the operations 1nside the hood to be 1solated from the outside
environment. The area within the hood may be ventilated to
prevent the entry of contaminates such as bacteria or air-
borne substances. In one specific implementation, the air
drawn 1nto the enclosure 1s passed through a high efliciency
particulate air (HEPA) filter. Further, processing of samples
which contain hazardous chemicals within a hood allows
such samples to be processed without further exposing the
user to such chemicals during processing.
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Referring generally to FIGS. 12 through 19, various
implementations of an enclosure for an automated sampling/
dispensing device are provided. In general, the enclosure
includes at least one support member. The support member
1s generally perpendicular to a support surface on which the
automated sampling/dispensing device 1s mounted. Further,
a lid 1s mechanically coupled to the at least one support
member for covering the support surface on which the
automated sampling/dispensing device 1s mounted. Addi-
tionally, at least one flexible sheet 1s operationally coupled
to at least one of the lid or the at least one support member.
The at least one support member may provide support to
both the lid as well as the at least one flexible sheet. The at
least one support member, lid, and at least one flexible sheet
enclose the automated sampling device while allowing
access to the device by retracting the at least one flexible
sheet.

The presently described example enclosures may mini-
mize user exposure to the enclosed samples by allowing the
containment of potentially hazardous chemicals within such
enclosure. Further, the use of at least one flexible panel
allows the enclosure to be shipped efliciently, as the enclo-
sure may be disassembled into smaller pieces and thus be
shipped 1n a smaller box when compared to enclosures with
non-tlexible panels/doors. Moreover, the use of the at least
one flexible panel allows the enclosure to be shaped to
accommodate varying shaped automated sampling and or
dispensing devices and assemblies.

Referring to FIG. 12, an enclosure 700 for an automated
sampling/dispensing device 1s provided 1n which the enclo-
sure¢ 700 surrounds an automated sampling/dispensing
device mounted to a circular support surface 702. In an
example 1implementation, the enclosure 700 includes a Iid
704 for covering the support surface 702 on which the
automated sampling/dispensing device 1s mounted. In such
implementation, the lid 704 1s generally equivalent in shape
and si1ze to that of the support surface 702 allowing the entire
support surface 702 to be enclosed and available for use by
a user. Further, an aperture for allowing the automated
sampling/dispensing device to be connected with devices
external to the enclosure may be defined within the lid. As
illustrated 1n FIG. 12, an aperture defined within the lid 704
ol the enclosure 700 allows a supply tube to the automated
sampling/dispensing device to be connected with external
laboratory analysis equipment. In another implementation,
the enclosure 700 1s designed to be airtight, allowing the
enclosure 700 to contain potentially hazardous chemicals
without requiring unnecessary exposure to laboratory per-
sonnel during sample preparation or analysis.

As 1llustrated 1in FIG. 12, the enclosure 700 includes a first
support member 706 and a second support member 708. The
first and second support members 706 and 708 are generally
perpendicular to a support surface 702 on which the auto-
mated sampling/dispensing device 1s mounted. For example,
as 1llustrated 1n FIG. 12, the first support member 706 and
the second support member 708 are centered generally one
hundred and eighty degrees (180°) opposite from one
another. Moreover, such support members may be mechani-
cally coupled to the lid 704 of the enclosure 700 as well as
to the support surface 702. For instance, fasteners such as
screws, bolts, nuts, and so forth may be used to fasten the
support members to the lid and support surface. In an
implementation, all fasteners are either metal-free or coated
with an inert plastic coating to prevent interaction of such
fasteners with chemical reagents or other substances being
used with the automated sampling/dispensing device. In an
additional implementation, an aperture may be formed
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within one or both of the support members to allow tubes,
cords, and so forth to be connected to the automated
sampling dispensing device contained within the enclosure
as well as to external devices (e.g., laboratory analysis
equipment), power sources, and so forth. It 1s contemplated
that the 1id 704 as well as the first support member 706 and
the second support member 708 may be formed of 1nert,
light-weight material including Plexiglas® (generically
known as Lucite or polymethyl methacrylate.)

In additional implementations, as illustrated 1n FIG. 12, a
first flexible sheet 710 and a second flexible sheet 712 are
operationally coupled to at least one of the 1id 708 or the first
support member 706 or the second support member 708. In
an implementation, the first tlexible sheet 710 includes a first
end and a second end. The first end of the first flexible sheet
710 includes a finished edge while the second end of the first
flexible sheet 710 1s fixedly coupled to the second support
member 708. For example, the first end of the flexible sheet
710 1s finished with a hardened-plastic cover which extends
substantially along the length of the first end of the first
flexible sheet 710. In addition, at least one guide member 1s
attached to the first end of the first flexible sheet 710 to allow
position of the first flexible sheet to be varied.

As 1llustrated 1n FIGS. 13 and 14, the first end of the first
flexible sheet 710 includes a first guide member 714 and a
second guide member 716 to allow a user to slide the first
flexible sheet 710 along an edge of the support surtface 702.
In an implementation, the first guide member 714 and the
second guide member 716 are press-fit latches allowing a
user to secure the flexible sheet at multiple positions along
the edge or side of the support surface. For example, a user
may release the flexible sheet by applying pressure to the
press-1it latches. As illustrated 1n FIG. 14, a flexible sheet
may be moved from a first position to a second position by
guiding the first guide member 714 along the edge of the lid
704 while the second guide member 1s detached from the
support surface 710. It 1s contemplated that additional
mechanisms may be employed to guide and secure the
flexible sheet at various positions, including fasteners such
as clips, pressure-sensitive screws, and so forth. It 1s further
contemplated that a channel may be formed within the
support surface to provide an area 1n which a guide member
may slide and be secured.

In the present implementation, the second flexible side
712 includes a first end and a second end. The first end of the
second flexible sheet 712 includes a finished edge while the
second end of the second flexible sheet 712 1s fixedly
coupled to the second support member 708. For example,
the first end of the second tlexible sheet 712 1s finished with
a hardened-plastic (e.g., Plexiglas®) cover which extends
substantially along the length of the first end of the second
flexible sheet 712. In addition, at least one guide member 1s
attached to the first end of the second flexible sheet 712 to
allow position of the first flexible sheet to be varied. For
instance, the first end of the second flexible sheet 712 may
include a first guide member 714 and a second guide
member 716 to allow a user to slide the second flexible sheet
712 along an edge or side of the support surface 702. In an
implementation, the first guide member 714 and the second
guide member 716 are press-1it latches allowing a user to
secure the flexible sheet at multiple positions along the edge
or side of the support surface. It 1s contemplated that
additional mechamisms may be employed to guide and
secure the flexible sheet at various positions, including
fasteners such as clips, pressure-sensitive screws, and so

forth.
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Referring to FIG. 135, the first and second flexible sheets
have been removed to allow access to the support surface
702. In an implementation, the first and second flexible
sheets are detachable. The detachable features of such sheets
allow a user to load or remove samples efliciently from the
support surtface 702 so that a user does not have to reposition
the sheets 1n order to gain access to a support surface area.
It 1s contemplated that one or both sheets may be removed
depending upon the needs of the user.

Referring to FIGS. 16 and 17, an additional example
enclosure for enclosing an automated sampling/dispensing
device 1s provided in which the automated sampling/dis-
pensing device 1s a bench-top automated sampling dispens-
ing device. As illustrated in FIGS. 16 and 17, an enclosure
800 for a bench-top automated sampling dispensing device
1s configured in a similar manner as the enclosure 700 for a
table-top automated sampling/dispensing device. The enclo-
sure 800 1ncludes a first support member 802 and a second
support member 804 for supporting a lid 806. In an example
implementation, the lid 806 covers a support surface 808
secured to a base 810 of the bench-top automated sampling/
dispensing device. In such implementation, the lid 806 is
generally equivalent 1n shape and size to that of the support
surface 808, allowing the entire support surface 808 to be
enclosed and available for use by a user. Further, the first 802
and second 804 support members are generally perpendicu-
lar to the support surface 808.

As 1illustrated in FIGS. 16 and 17, the first support
member 802 and the second support member 804 are
centered generally one hundred and eighty degrees (180°)
opposite from one another. For example, the first support
member 802 1s positioned on the front side of the automated
sampling/dispensing device (the front side defined as the
side mncluding a user power control panel) while the second
support member 804 i1s positioned generally opposite the
first support member 802 (e.g., to the rear side of the
automated sampling/dispensing device). Moreover, such
support members may be mechanically coupled to the lid
806 of the enclosure 800 as well as to the support surface
808. For instance, fasteners such as screws, bolts, nuts, and
so forth may be used to fasten the support members to the
lid and support surface. In an implementation, all fasteners
are either metal-free or coated with an 1nert plastic coating
to prevent interaction of such fasteners with chemical
reagents or other substances being used with the automated
sampling/dispensing device.

It 1s contemplated that the lid 806 as well as the first
support member 802 and the second support member 804
may be formed of inert, light-weight maternial including
Plexiglas®. It 1s further contemplated that the enclosure 800
may include an aperture within the lid or at least one of the
support members allowing for the automated sampling/
dispensing device to be connected with devices external to
the enclosure. For example, an aperture may be defined
within the lid for allowing a supply tube to the automated
sampling/dispensing device to be connected with external
laboratory analysis equipment. In another implementation,
the enclosure 800 1s designed to be airtight allowing the
enclosure to contain potentially harmful chemicals without
requiring unnecessary exposure to laboratory personal dur-
ing sample preparation or analysis.

In additional example implementations, as illustrated in
FI1G. 17, a first flexible sheet 812 and a second flexible sheet
814 are coupled to at least one of the lid 806 or the first
support member 802 or the second support member 804. In
an 1mplementation, each flexible sheet includes a first and
second end. The first end of each flexible sheet includes a
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fimshed edge while the second end of each tlexible sheet 1s
fixedly coupled to the second support member 804. For
example, the first end of the flexible sheet 812 i1s finished
with a hardened-plastic cover (e.g., Plexiglas®) which
extends substantially along the length of the first end of the
first flexible sheet 812.

In further example implementations, at least one gude
member 1s attached to the first end of each flexible sheet to
allow the position of each flexible sheet to be varied. As
illustrated 1n FIG. 17, the first end of each flexible sheet
includes a first guide member 816 and a second guide
member 818 to allow a user to slide each sheet along an edge
of the 1id 806 or support surtace 808. In an implementation,
the first guide member 816 and the second guide member
818 are press-fit latches allowing a user to secure the flexible
sheet at multiple positions along the edge or side of the lid
or support surface. For example, a user may release the
flexible sheet by applying pressure to the press-fit latches. As
illustrated 1 FIG. 17, a flexible sheet may be moved from
a first position to a second position by guiding the first guide
member 816 along the edge of the lid 806 while the second
guide member 818 1s detached from the support surface 808.
It 1s contemplated that additional mechanisms may be
employed to guide and secure the flexible sheet at various
positions, including fasteners such as clips, pressure-sensi-
tive screws, and so forth. It 1s further contemplated that a
channel may be formed within the support surface to provide
an area in which a guide member may slide and be secured.

It 1s contemplated that the first and second flexible sheets
may be detachable. The detachable features of such sheets
allow a user to load or remove samples efliciently from the
support surface 808 so that a user does not have to reposition
the sheets 1n order to gain access to a support surface area.
It 1s contemplated that one or both sheets may be removed
depending upon the needs of the user.

Referring to FIGS. 18 and 19, a further example enclosure
900 for enclosing an automated sampling/dispensing device
1s provided in which the enclosure 900 i1ncludes a single
flexible sheet or panel 902. As 1llustrated in FIGS. 18 and 19,
the enclosure 900 1ncludes a plurality of support walls and
a single flexible sheet 902 for enclosing the automated
sampling/dispensing device mounted on a support surface
904. For example, the enclosure 900 may include three
support walls and the single flexible sheet 902. In such
example, a first side support wall and a second side support
wall provide support to a rear support wall 1n which the rear
support wall 1s secured to an edge of the first side support
wall and an edge of the second side support wall. The rear
support wall 1s generally opposite to that of the front of the
enclosure (e.g., where the front of the enclosure includes the
flexible sheet and 1s used to gain access to the automated
sampling/dispensing device). The first and second side sup-
port walls are configured to allow the flexible sheet to be
rolled along an outer edge of the first side support wall and
an outer edge of the second side support wall. It 15 contem-
plated that an aperture may be defined within at least one of
the plurality of walls for allowing the enclosed apparatus to
be connected with external devices or power sources.

With continued reference to FIGS. 18 and 19, the single
flexible sheet 902 1ncludes a first and second edge. The first
end of the tlexible sheet 902 includes a finished edge while
the second end of the tlexible sheet 902 1s fixedly coupled to
the rear support wall. For example, the first end of the
flexible sheet 902 1s finished with a hardened-plastic cover
which extends substantially along the length of the first end
of the flexible sheet 902. To gain access to the interior of the
enclosure 900, the single tlexible sheet 902 may be retracted
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with a first end of the first edge of the single tlexible sheet
902 being secured to the outer edge of the first side support
wall and a second end of the first edge being secured to the
outer edge of the second side support wall. It 1s contem-
plated that various mechanisms may be emploved to secure
the first edge of the flexible sheet 902 to the side support
edges mcluding press {it latches, clips, screws, and so forth.
In addition, the enclosure 900 may be mounted to an
automated sampling/dispensing device for laboratory analy-
s1s equipment 1n which the enclosure may be positioned to
enclose such device by securing the enclosure to a support
arca supporting the device. Moreover, the single flexible
sheet may be detachable allowing a user access to the entire
support surface arca as well as to the over-head support
surface area.

Although the presently described enclosure focuses upon
the use of such enclosure with an automated sampling/
dispensing device, 1t 1s contemplated that such enclosure
may be employed with a variety of laboratory equipment in
accordance with the present disclosure. It 1s further contem-
plated that example enclosures may be ventilated to prevent
the entry of contaminates such as bacteria or air-borne

substances 1nto the external environment. For instance, the
air drawn 1nto the enclosure can be passed through a HEPA
filter.

Referring now to FIG. 20, a sample 1identification system
1000 for an automated sampling or dispensing device 1s
shown 1n accordance with an example implementation of the
pressure disclosure. The sample 1dentification system 1000
1s configured to verily a sample identity before, during,
and/or after sampling and/or dispensing by the automated
sampling or dispensing device occurs. As illustrated, the
sample 1dentification system 1000 includes a sample 1den-
tifier 1002 and an 1dentifier capture device 1004. The sample
identifier 1002 1s configured to provide indicia of the
sample, such as a sample positioned 1n a particular location
with respect to the autosampler table top (e.g., table top
102). The sample identifier 1002 may be configured for
placement on the autosampler table top, on a sample holder
(e.g., sample holder 106), on a sample vessel (e.g., sample
vessel 108), or another location for reading by the 1dentifier
capture device 1004. In an implementation, the sample
identifier 1002 1s located on a base or bottom of a sample
vessel (e.g., sample vessel 108), such as on the bottom of a
test tube, such that the i1dentifier capture device 1004 can
access the sample 1identifier 1002 for processing/imaging of
the sample 1dentifier 1002 from a position beneath the
sample vessel. In an implementation, the sample identifier
1002 includes a barcode configured for recognition by an
optical reader (e.g., a barcode reader), where the barcode 1s
configured to represent a particular sample according to one
or more 1dentifiers, including but not limited to, a position
within a test rack, a position with respect to a table top, a
particular i1dentification number corresponding to a prede-
termined sampling order of sample vessels, and so forth. The
barcode can include a data matrix two-dimensional (2D)
barcode, such as a 12x12 matrix, a 13x13 matrix, a 14x14
matrix, or any other suitable matrix. While square matrices
are provided as example data matrix barcodes, 1t 1s contem-
plated that rectangular matrices also may be utilized. The
sample 1dentifier 1002 can include other identification 1ndi-
cia including, but not limited to: characters and/or patterns
configured for recognition by an optical camera or sensor;
raised surfaces for recognition by touch sensors, optical
sensors, and the like; illumination sources configured to
generate a particular color (or wavelength), pattern of light,

10

15

20

25

30

35

40

45

50

55

60

65

14

etc.; other i1dentification indicia configured for recognition
by the i1dentifier capture device 1004; and so forth.

In an example implementation, the sample 1dentification
system 1000 includes an i1dentifier arm assembly 1006
(which may be separate from or include the sample arm
assembly 104) supported by a z-axis support (which may be
separate from or include the z-axis support 110). In an
implementation, the identifier arm assembly 1006 1s config-
ured to move vertically with respect to the z-axis support
(shown as 110 1n FIG. 20). As 1llustrated 1n FI1G. 1, the z-axis
1s aligned with gravity or a vertical axis. The identifier arm
assembly 1006 may include the identifier capture device
1004 mounted thereto, such that the identifier capture device
1004 can move to capture/image the sample 1dentifier 1002
of various samples supported by the autosampler table top
102, a sample holder (e.g., sample holder 106), or other
support surface. In use, i1dentifier arm assembly 1006 1s
configured to be moved through space 1n three dimensions,
or about an axis having y-motion that 1s a substantially
rotary motion and along an axis having x-motion which 1s an
at least substantially horizontal linear motion or translation,
and along a z-axis that 1s an at least substantially vertical,
linear motion or translation. As such, the identifier arm
assembly 1006 may be configured for movement through an
R-theta range of motion, an X-y range of motion, and the
like, such as between a rest position and an operating
position configured to 1mage sample vessels including
sample 1dentifiers 1002. In an implementation, the 1dentifier
arm assembly 1006 i1s configured to move independently
from the sample arm assembly 104.

In an implementation, as shown 1n FIG. 20, the autosam-
pler includes a raised surface 1008 configured to be sup-
ported by the autosampler table top 102. The raised surface
1008 can support sample holders and sample vessels for
access by the sample probe 114. The raised surface 1008
may be positioned with respect to the table top 102 such that
the raised surface 1008 and the table top 102 define a gap
1010 into which the identifier arm assembly 1006 and
identifier capture device 1004 can enter for access to the
underside of the sample vessels (e.g., sample vessels 108)
and associated sample identifiers 1002. For instance, in
implementations, the raised surface 1008 defines gaps 1012
in the surface over which the sample vessels 108 having
sample 1dentifiers 1002 positioned on a bottom surface are
situated. In this manner, the sample identifiers 1002 at the
base or bottom of the sample vessels 108 are accessible to
the 1dentifier capture device 1004 when positioned beneath
the raised surtface 1008 in the gap 1010 (such as shown in
FIG. 22). The raised surface 1008 can also define a center
slot 1014 to correspond to at least a portion of the center slot
120 of the table top 102 to permit motion of the sample arm
assembly 104 across the raised surface 1008 and the corre-
sponding portion of the table top 102 (such as shown 1n
FIGS. 21A through 21C).

In example implementations, the autosampler includes
sample holders (e.g., sample racks 106) configured to permit
the 1dentifier capture device 1004 to read the sample 1den-
tifier 1002. For example, a base of the sample holders 106
may be constructed from a substantially clear, light trans-
missive, or transparent material. In other embodiments, the
sample holder 106 may be constructed with an open bottom.
Use of a light transmissive or transparent material may
protect the 1dentifier capture device 1004 from inadvertent
contact with sample fluids within the sample vessels 108. In
an 1implementation, the sample holders are formed of, or are
coupled with, a material configured to reduce or eliminate
glare associated with light when utilizing the identifier
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capture device 1004. Alternatively or additionally, the 1den-
tifier capture device 1004 can include a protective coating or
covering to protect the 1dentifier capture device 1004 from
inadvertent contact with the sample fluids. Such coating or
covering ol may be configured to reduce or eliminate glare
associated with light when utilizing the identifier capture
device 1004. In an implementation (such as shown 1n FIG.
23A), the sample holder 106 includes a substantially trans-
parent bottom 1120, through which the image capture device
1004 can recognize the sample 1dentifier 1002 on a base of
a sample vessel 108 supported by the sample holder 106. In
an implementation (such as shown in FIGS. 22 and 23B), the
sample holder 106 defines a first set of apertures 1016,
through which the sample vessels 108 may pass, and a
second set of apertures 1018 which prohibit at least a portion
of the sample vessels 108 from completely passing through.
For instance, the first set of apertures 1016 can have a larger
cross-sectional area (e.g., larger diameter with larger circular
cross-sectional area) than the second set of apertures 1018,
where the second set of apertures 1018 have a cross-
sectional area that 1s smaller than a cross-sectional area of
the sample vessels 108 (e.g., the diameter of the second set
of apertures 1018 1s less than the diameter of a portion of the
sample vessels 1018). Such a configuration of apertures may
provide an exposed bottom portion of the sample vessel 108
such that the sample i1dentifier 1002 i1s unobstructed with
respect to the 1dentifier capture device 1004. In an example
implementation, the sample holder 106 includes a raised
base, such that the sample vessels 108 within the holder 106
are positioned over the autosampler table top 102 with a gap
between the base of the sample holder 106 and the autosam-
pler table top 102. Such a configuration may permit the
identifier capture device 1004 access beneath the sample
holder to read the sample 1dentifier 1002. It 1s contemplated
that the size, shape, and materials comprising the sample
holder 106 may vary depending on the type, size, and shape
of the identifier capture device 1004 used 1n the sample
identification system 1000, and the type of samples to be
analyzed (e.g., corrosive, mert, and so forth).

The autosampler may be configured to align the 1dentifier
capture device 1004 with the sample probe 114. For
example, as shown 1n FIG. 24, the 1dentifier capture device
1004 includes an alignment light source 1022 configured to
project light (e.g., a light beam) toward the sample probe to
provide a visual indication of an alignment of the 1dentifier
capture device 1004 with the sample probe 114. In an
implementation, the raised surface 1008 defines an aperture
1024 through which the alignment light source 1022 can
project the light toward the sample probe 114. Where the
positioning ol the sample probe 114 with respect to the
identifier capture device 1004 is not aligned, one or more of
the sample arm assembly 104 and the 1dentifier arm assem-
bly 1006 can be repositioned until the alignment 1s satisfac-
tory. The repositioning can be accomplished through an
automatic, motorized movement of the sample arm assem-
bly 104 and the 1dentifier arm assembly 1006 (e.g., through
control of drive assembly 100) or through manual means.
For example, one or more of the sample arm assembly 104
and the 1dentifier arm assembly 1006 can be secured with a
set screw, with press fit, with a friction clamp, and so forth.
The alignment may assist in accuracy of the correspondence
between the imaged sample identifier 1002 by the 1dentifier
capture device 1004 and the actual sample drawn by the
sample probe 114 from the sample vessel 108.

The 1dentifier capture device 1004 1s configured to cap-
ture, 1mage, or otherwise recognize the sample i1dentifier
1002. Accordingly, 1n an implementation such as shown 1n
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FIG. 25, the identifier capture device 1004 includes an
imaging device 1026, a light source 1028 (e.g., a flash
source), and the alignment light source 1022. The imaging
device 1026 can capture video 1mages of the sample 1den-
tifiers 1002 and surrounding areas, such that the 1maging
device 1026 can be associated with a display for displaying
the captured 1mages, such as on a live or continuous basis.
In an 1mplementation, the imaging device 1s configured to
provide still images of a target. The light source 1028 may
be configured to illuminate the bottom of the sample vessels
108 such that the sample i1dentifier 1002 has increased
visibility to the imaging device 1026 1n order to image the
sample 1dentifier 1002. In an implementation, the 1dentifier
capture device 1004 1s aided by an external light source 1030
to provide 1llumination 1n addition to or instead of the light
source 1028. For example, the external light source 1030 can
be mounted on the identifier arm assembly 1006.

In 1implementations, the 1dentifier capture device 1004 1s
angled relative to the identifier arm assembly 1006, such that
the imaging device 1026 views the sample identifier 1002 on
the base of the sample vessel 108 at an angle from the
horizontal or with respect to the orientation of the autosam-
pler table top. For example, as shown in FIG. 26A, the
identifier capture device 1004 and the identifier arm assem-
bly 1006 are oriented at an angle of alpha (a) (e.g., 15
degrees) relative to each other, where a top surface of the
identifier arm assembly 1006 1s substantially perpendicular
to the alignment axis (e.g., substantially parallel to the
surface of table top). In FIG. 26B, the identifier capture
device 1004 and the identifier arm assembly 1006 are
oriented at an angle of alpha (a) (e.g., 15 degrees) relative to
cach other, where a top surface of the identifier capture
device 1004 1s substantially perpendicular to the alignment
axis (e.g., substantially parallel to the surface of table top).
Various configurations of the angle are contemplated, where
the angle utilized may depend on the particular 1maging
device 1026 utilized in the i1dentifier capture device 1004.

The sample identification system 1000 1s configured to
verily data associated with the sample 1dentifier 1002, and
correspondingly, the sample uniquely associated with the
sample 1dentifier 1002, before, during, or after sampling of
the sample by the autosampler sampling probe (e.g., sample
probe 114). The sample identification system 1000 may
collect and process data associated with the sample identifier
1002, where the data can include, but 1s not limited to, the
location of a sample (e.g., a location on the autosampler
table top 102, a location within a sample rack 106, a
particular sample vessel 108, and so forth), a timestamp of
when a sample 1s taken (e.g., by the sample probe 114),
presence or absence ol a sample, type or extent of analysis
to be performed on a sample, dilution factor, and the like. In
an implementation, the sample 1dentifier 1002 1s read by the
identifier capture device 1004 for conversion to a serial
number, where data associated with the serial number 1s
associated with the particular sample vessel that includes the
sample 1dentifier 1002. In this manner, the sample 1dentifier
1002 can associate data including, but not limited to, the
location of a sample, timestamp of when a sample 1s taken,
presence or absence ol a sample, type or extent of analysis
to be performed on a sample, dilution factor, and the like
with a particular sample 1n the vessel, where the data can be
stored 1n a memory device of a data system to be correlated
with the serial number stored by the sample 1dentifier 1002.
In an implementation, the sample identification system 1000
can be configured for dilution factor control of a sample. For
example, the data associated with a particular sample 1den-
tifier 1002 can 1nclude a dilution factor for offline or online
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dilution of a sample. In an 1mplementation, the sample
identification system 1000 1s configured to populate data of
prepared samples, such as by filling 1n standards data into
data tables automatically, based on the sample identifier
1002 and the results of a sample analysis by an analyzer
(e.g., mass spectrometer, gas chromatograph, liquid chro-
matograph, and the like) of the particular sample.

The sample 1dentifier 1002 can be associated with and/or
comprise information including, but not necessarily limited
to: a sample vial identification number, a destination vial
identification number, a dilution factor (DF), a final volume,
a sample volume, a diluent volume, a diluent location, and
so forth. For example, a first barcode 1s placed on a sample
vial and associated with a desired dilution factor and a
desired final volume. A destination vial includes a second
barcode associated with the first barcode. The system 1000
uses mnformation obtained from the first barcode to dilute a
portion of a sample contained 1n the sample vial. For
instance, the system 1000 identifies the destination vial
using the second barcode and deposits a portion of the
sample 1nto the destination vial. The system 1000 also
deposits an amount of diluent suflicient to provide the DF
and final volume specified by the first barcode.

In another embodiment, the first barcode 1s representative
of a sample wvial i1dentification number, and the sample
identification number 1s associated with a desired dilution
factor and a desired final volume. In some embodiments, a
user interface (e.g., a graphical user mterface) included with
an 1information handling system device operatively coupled
with the sample 1dentification system 1000 via a communi-
cations interface 1s used to associate the first barcode with
the desired dilution factor and the desired final volume. For
instance, the desired dilution factor and the desired final
volume can be stored 1n an electronic database with the first
barcode. A destination vial includes a second barcode asso-
ciated with the first barcode (e.g., via the electronic data-
base). The system 1000 uses information associated with the
first barcode 1n the electronic database to dilute a portion of
the sample contained in the sample vial. For instance, the
system 1000 identifies the destination vial using the asso-
ciation with the second barcode and deposits a portion of the
sample into the destination vial. The system 1000 also
deposits an amount of diluent suflicient to provide the DF
and final volume specified 1n the electronic database.

However, these ofl-line embodiments are provided by
way of example only and are not meant to limit the present
disclosure. In other embodiments, dilution of a sample can
be performed on-line. For example, the system 1000 uses
information obtained from a barcode to dilute a portion of a
sample contained in the sample vial by mixing the sample
portion with an amount of diluent suflicient to provide a
desired DF and a desired final volume as specified by a first
barcode, associated with the first barcode 1n an electronic
database, and so forth.

The data collected by the sample identification system
1000 may be transferred to another system for identity
verification. In an example implementation, the data col-
lected by the sample identification system 1000 1s trans-
ferred to a laboratory information management system
(LIMS) and/or a laboratory mstrument to verily the identity
of a measured sample. The i1dentifier capture device 1004
may be configured for wired or wireless data transier
between the sample identification system 1000 and the
LIMS, laboratory instrument, or other device. In an example
embodiment, the 1dentifier capture device 1004 1s configured
for fiber optic data transfer. The i1dentifier capture device
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1004 may be configured for control by the sample 1dentifi-
cation system 1000 via wired or wireless control mecha-
nisms.

A sample 1dentification system 1000, including some or
all of 1ts components, can operate under computer control.
For example, a processor can be included with or 1n a sample
identification system 1000 to control the components and
functions of systems 1000 described herein using software,
firmware, hardware (e.g., fixed logic circuitry), manual
processing, or a combination thereof. The terms “control-
ler,” “functionality,” “service,” and “logic” as used herein
generally represent software, firmware, hardware, or a com-
bination of software, firmware, or hardware 1n conjunction
with controlling the systems 1000. In the case of a software
implementation, the module, functionality, or logic repre-
sents program code that performs specified tasks when
executed on a processor (e.g., central processing umt (CPU)
or CPUs). The program code can be stored 1n one or more
computer-readable memory devices (e.g., mternal memory
and/or one or more tangible media), and so on. The struc-
tures, functions, approaches, and techmiques described
herein can be implemented on a variety of commercial
computing platforms having a variety of processors.

A processor provides processing functionality for the
system 1000 and can include any number of processors,
micro-controllers, or other processing systems, and resident
or external memory for storing data and other information
accessed or generated by the system 1000. The processor
can execute one or more software programs that implement
techniques described herein. The processor 1s not limited by
the materials from which 1t 1s formed or the processing
mechanisms employed therein and, as such, can be 1imple-
mented via semiconductor(s) and/or transistors (e.g., using,
clectronic integrated circuit (IC) components), and so forth.

The system 1000 also includes a memory. The memory 1s
an example of tangible, computer-readable storage medium
that provides storage functionality to store various data
associated with operation of the system 1000, such as
software programs and/or code segments, or other data to
instruct the processor, and possibly other components of the
system 1000, to perform the functionality described herein.
Thus, the memory can store data, such as a program of
instructions for operating the system 1000 (including 1ts
components), and so forth. It 1s noted that while a single
memory 1s described, a wide variety of types and combina-
tions of memory (e.g., tangible, non-transitory memory) can
be employed. The memory can be integral with the proces-
sor, can comprise stand-alone memory, or can be a combi-
nation of both. The memory can include, but 1s not neces-
sarily limited to: removable and non-removable memory
components, such as random-access memory (RAM), read-
only memory (ROM), flash memory (e.g., a secure digital
(SD) memory card, a mini-SD memory card, and/or a
micro-SD memory card), magnetic memory, optical
memory, universal serial bus (USB) memory devices, hard
disk memory, external memory, and so forth. In implemen-
tations, the system 1000 and/or the memory can include
removable integrated circuit card (ICC) memory, such as
memory provided by a subscriber 1dentity module (SIM)
card, a universal subscriber 1dentity module (USIM) card, a
umversal mtegrated circuit card (UICC), and so on.

The system 1000 includes a communications interface.
The communications interface 1s operatively configured to
communicate with components of the system 1000. For
example, the communications interface can be configured to
transmit data for storage in the system 1000, retrieve data
from storage in the system 1000, and so forth. The commu-
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nications interface 1s also communicatively coupled with the
processor to facilitate data transfer between components of
the system 1000 and the processor (e.g., for communicating,
inputs to the processor received from a device communica-
tively coupled with the system 1000 and/or commumnicating,
output to a device communicatively coupled with the system
1000. It 1s noted that while the communications interface 1s
described as a component of a system 1000, one or more
components of the communications interface can be 1mple-
mented as external components communicatively coupled to
the system 1000 via a wired and/or wireless connection. The
system 1000 can also comprise and/or connect to one or
more mput/output (I/0) devices (e.g., via the communica-
tions interface) including, but not necessarily limited to: a
display, a mouse, and so on.

The communications interface and/or the processor can be
configured to communicate with a variety of diflerent net-
works including, but not necessarily limited to: a wide-area
cellular telephone network, such as a 3G cellular network, a
4G cellular network, or a global system for mobile commu-
nications (GSM) network; a wireless computer communi-
cations network, such as a WiFi1 network (e.g., a wireless
local area network (WLAN) operated using IEEE 802.11
network standards); an internet; the Internet; a wide area
network (WAN); a local area network (LAN); a personal
area network (PAN) (e.g., a wireless personal area network
(WPAN) operated using IEEE 802.15 network standards); a
public telephone network; an extranet; an intranet; and so
on. However, this list 1s provided by way of example only
and 1s not meant to limit the present disclosure. Further, the
communications interface can be configured to communi-
cate with a single network or multiple networks across
different access points.

In an 1mplementation, as shown i FIG. 27, the sample
holder 106 includes a sample holder i1dentifier 402 posi-
tioned on a bottom portion 404 of the sample holder 106.
The bottom portion 404 can correspond to a side of the
sample holder 106 that 1s opposite or distal a side of the
sample holder 106 that receives the sample vessels 108 via
the first set of apertures 1016 (e.g., for holding the sample
vessels upright for access by the sample probe 114). For
example, the bottom portion 104 can define the second set
of apertures 1018, the bottom portion can include the
transparent bottom 1120, or so forth. The sample holder
identifier 402 1s 1dentifiable by an 1dentifier capture device,
such as the identifier capture device 1004 of the sample
identification system 1000. The sample holder identifier 402
provides a unique identification of the sample holder 106,
where such unique identification can correspond to 1denti-
fication information including, but not limited to, sample
identities, analysis methods associated with samples held 1n
sample vessels 108 1n the sample holder 106, elements/
species associated with samples held in sample vessels 108
in the sample holder 106, dilution factors associated with
samples held m sample vessels 108 1n the sample holder
106, weights associated with samples held 1n sample vessels
108 1n the sample holder 106, final volumes associated with
samples held i sample vessels 108 1n the sample holder
106, and the like. Such corresponding 1dentification infor-
mation can be stored 1n a memory device accessible by one
or more components of the automated sampling device or
associated scientific instrumentation coupled thereto. For
example, the sample holder identifier 402 may 1nclude one
or more ol a barcode or a QR code associated with the
unique 1dentification of the sample holder 106. In an 1mple-
mentation, the sample holder identifier 402 1ncludes a data
matrix two-dimensional barcode in a square matrix form
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(e.g., a 12x12 matrix, a 13x13 matrix, a 14x14 matrix, a
144x144 matrix etc.). While square matrices are provided as
example data matrix barcodes, 1t 1s contemplated that rect-
angular matrices (e.g., a 8x18 matrix, a 16x48 matrix, etc.),
or any other suitable matrix also may be utilized. The sample
holder 1dentifier 402 can include other identification indicia
including, but not limited to: characters and/or patterns
configured for recognition by an optical camera or sensor;
raised surfaces for recognition by touch sensors, optical
sensors, and the like; illumination sources configured to
generate a particular color (or wavelength), pattern of light,
etc.; other identification indicia configured for recognition
by the i1dentifier capture device 1004; and so forth.

While the sample holder identifier 402 1s shown 1n FIG.
2’7 on the bottom portion 404 of the sample holder 106, other
configurations of the sample holder identifier 402 with
respect to the sample holder 106 can be utilized, including,
but not limited to, the sample holder identifier 402 being
located on a top portion, a side portion, a support post
portion, or the like, such that an 1dentifier capture device can
recognize the sample holder identifier 402. For example, in
an i1mplementation, the sample holder identifier 402 1is
positioned on a top portion of the sample holder 106 (e.g.,
proximate the first set of apertures 1016), for access by an
identifier capture device associated with the sample arm
assembly 104, the z-axis support 110, the sample probe 114,
or other perspective above the table top 102.

In an implementation, the sample holder i1dentifier 402
includes more than one sample holder identifier (e.g., FIG.
27 shows two sample holder identifiers, labeled 402a and
402b), where each sample holder identifier corresponds to a
different orientation of the sample holder 106. For example,
sample holder identifier 402a can include identification
information that corresponds to a top, front, or side orien-
tation of the sample holder 106, whereas sample holder
identifier 4025 can include identification information that
corresponds to a bottom, back, or different side orientation
of the sample holder 106. As used herein, the orientation of
the sample holder 106 can refer to a placement orientation
used to align the sample holder 106 on a surface of an
autosampler or sample 1dentification device for processing
of samples (e.g., on raised surface 1008, on table top 102,
etc.). For example, the placement orientation can 1dentify an
orientation and/or position of the sample holder 106 relative
to the center slot 1014, the sample arm assembly 104, the
z-ax1s support 110, the sample probe 114, or other compo-
nent or portion of the automated sampling device 100.

In an implementation, as depicted in FIGS. 28 A and 28B,
sample vessels 108 are positioned 1n slots 406 (or apertures),
numbers one to four, distal to a z-axis support 110 of an
automated sampling or dispensing device, where the slots
correspond to positions 1n the sample holder 106 configured
to hold sample vessels 108. The sample holder 106 can
include labels to 1dentify the particular slots 406 to a user,
such as to provide an order in which to place the sample
vessels within the slots 406. For example, the sample holder
106 can include labels to identify the slots 406 with the
numbers corresponding to those diagrammatically shown in
FIG. 28B. In an implementation, the sample holder identifier
4025 15 positioned on the same side of the sample holder 106
as the slot 406 labeled with position one, such that when the
sample holder 106 1s placed 1n the reverse or tlipped
orientation, each of the sample holder identifier 4025 and the
side of the sample holder 106 having the slot 406 labeled
with position one will be adjacent the center slot 120 (e.g.,
as shown i FIG. 29A). For example, the sample holder
identifier 402a can be positioned on the opposite side of the
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sample holder 106 (e.g., on the bottom portion of the sample
holder 106) as the slot 406 labeled with position one (e.g.,
the first designation 1n a series, such as the numbering series
ol slots 406), such that when the sample holder 106 1s placed
in the standard orientation, the sample holder identifier 402a
will be adjacent the center slot 120, and the side of the
sample holder 106 having the slot 406 labeled with position
one will be distal the center slot 120 (e.g., as shown 1n FIG.
28A). The sample holder 106 can include a sample holder
identifier 402 configured to provide dynamic data associated
with the sample holder 106 including, but not limited to, a
unique rack identification (ID), a position of the sample
holder 106, an orientation of the sample holder 106 (e.g., a
standard orientation, a reverse or flipped orientation, etc.),
an alignment of the sample holder 106, and the like. For
example, the sample holder 1dentifier 402 can correspond to
the dynamic data stored 1n memory, whereby a data con-
troller, system processor, or the like can assign and/or update
the dynamic data, such as responsive to user mput, respon-
sive to automatic implementation by the system 100, or the
like. In an implementation, the system 1000 determines an
orientation a sample holder 106 (e.g., standard orientation
shown 1 FIGS. 28A, 28B; reverse or flipped orientation
shown 1 FIGS. 29A, 29B) by positioning the identifier
capture device 1004 1n a sample holder read position (shown
as 408 1n FIGS. 27 and 28A) that corresponds to a position
underneath the sample holder identifier 402 when the sample
holder 106 1s placed on the table top 102, the raised surtace
1008, or otherwise positioned for allowing access to the
sample vessels 108 by the sample probe 114. Generally, the
sample holder reader position corresponds to the positioning
of the identifier capture device 1004 to read the sample
holder identifier 402. The system 1000 can include a plu-
rality of sample holder read positions when multiple sample
holders 106 are present on the on the table top 102, the raised
surface 1008, etc. In an 1mplementation, a user can input
information associated with the placement of the sample
holders 106, including location and number of the individual
sample holders 106, whereby the system 1000 can automati-
cally scan only the relevant sample holder read positions to
identily the orientation of the sample holders 106 present
(e.g., by 1gnoring sample holder read positions at locations
where no sample holder 106 1s present).

The sample holder identifier 402 can then inform the
system 1000 about whether the sample holder 106 1s in a
standard orientation or a reverse or flipped orientation. The
system 1000 can manipulate the operational positioning of
the sample probe 114 based on the detected orientation of the
sample holder 106. For example, when the sample holder
106 1s determined to be 1n the standard orientation (e.g., the
identifier capture device 1004 detects the sample holder
identifier 402A 1n the sample holder read position), the
system 1000 can operate according to a standard orientation
protocol. The standard orientation protocol can 1involve, for
example, mitially positioning the sample probe 114 to mea-
sure the sample vessel 108 in position one of slots 406,
shown 1n FIG. 28B, where position one 1s distal to the center
slot 120, and proceeding to position the sample probe 114 to
sequentially measure the remaining sample vessels 108
based on slot number (e.g., continuing to slots two, three,
and four). When the sample holder 106 1s determined to be
in the reverse or tlipped orientation (e.g., the identifier
capture device 1004 detects the sample holder identifier
402B 1n the sample holder read position), the system 1000
can operate according to a reverse orientation protocol. The
reverse orientation protocol can involve, for example, 1ni-
tially positioning the sample probe 114 to measure the
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sample vessel 108 1n position one of slots 406, shown 1n
FIG. 29B, where position one 1s adjacent to the center slot
120, and proceeding to position the sample probe 114 to
sequentially measure the remaining sample vessels 108
based on slot number (e.g., continuing to slots two, three,
and four). In implementations, the system 1000 can provide
an alert (e.g., via a display device) based upon detection of
the particular orientation of the sample holder 106. For
example, when a reverse orientation of the sample holder
106 15 detected, the system 1000 can display an alert to an
operation, notifying that the sample holder 106 is in the
reverse orientation. The system 1000 can receive user input
to continue operation with the sample holder 106 1n the
reverse orientation (e.g., by implementing the reverse ori-
entation protocol), or alternatively, can receive user input to
delay operation, such as to permit repositioning of the
sample holder 106 and/or sample vessels 108. When user
iput 1s recerved to delay operation, the system 1000 may
scan any sample holder identifiers 402 at the sample holder
read position and/or may scan the sample 1dentifiers 1002 of
any sample vessels 108 present in the sample holder upon
resuming operation, such as to determine whether the user
placed the sample holder 106 1n the standard orientation, in
the reverse orientation, changed the order of sample vessels
108 within the sample holder 106, change the number of
sample vessels 108 within the sample holder 106, or the like.

In implementations, the sample vessel positions shown 1n
FIG. 28 A correspond with a graphical representation of the
sample vessels positions within the sample holder 106
shown on a communications 1nterface operably coupled to
the automated sampling or dispensing device 100, as shown
in FIG. 28B. The communications interface can also show
the presence (shown as 410) or absence (shown as 412) of
the sample vessel 108 within a particular sample slot 406,
whereby detection of the sample vessel 108 within a par-
ticular slot 406 1s automatically shown as the presence 410
of the sample vessels 108 via the communications interface.
For example, the automated sampling or dispensing device
(e.g., via 1dentifier capture device 1004) can detect sample
vessels 108 positioned i1n the slots 406 via the sample
identifiers 1002, where the communications interface can
provide a graphical representation (e.g., as shown 1 FIG.
28B) of the presence of the sample vessels 108 relative to the
orientation of the sample holder 106 (e.g., via detection of
the sample holder identifier 402 information), such that the
sample vessels 108 are shown distal the center slot 120 1n the
proper order/configuration. The presence of the particular
sample vessels 108 1n the slots 406 and the orientation of the
sample holder 106 provide the system 1000 with the infor-
mation as to which slots 406 the sample probe 114 should
position above during 1ts operation protocol. The commu-
nications interface can generate a sample list based on
sample 1dentifiers 1002 associated with the sample vessels
108 positioned 1n the sample holder 106 and based on the
sample holder identifier 402 positioned on the sample holder
106. Such sample list can be generated after scanning the
sample 1dentifiers 1002 and the sample holder identifier 402,
and can be populated with data associated with the analysis
of the samples once completed, or on an individual sample
vessel basis.

In an implementation, as depicted in FIG. 29A, an auto-
mated sampling or dispensing device 1s shown with sample
vessels 108 positioned 1n slots 406, numbers one to four,
adjacent to a z-axis support 110. For instance, the sample
rack 1s 1n the reverse or flipped onentation, where the
samples vessels 108 are positioned 1n a reverse or tlipped
orientation as compared to the positioning in FIGS. 28A and
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28B. By including one or more sample holder identifier 402,
the automated sampling or dispensing device can detect the
reverse or tlipped orientation of the samples and maintain an
accurate accounting for the samples and the analyses of the
samples. For example, the commumnications interface can
provide a graphical representation (e.g., as shown in FIG.
29B) of the presence of the sample vessels 108 1n the slots,
relative to the sample holder identifier 402 information, such
that the sample vessels 108 are shown adjacent the center
slot 120 1n the proper order/configuration.

While sample holder identifiers 402 and sample identifiers
1002 have been described herein, it 1s noted that other
aspects or components of the automated sampling or dis-
pensing device can include labels configured for detection
by 1dentifier capture device 1004. For example, diluents,
diluent holders, standards, standard holders, eluents, eluent
holders, buflers, bufler holders, waste vessels, and the like
can include identifiers (e.g., data matrix two-dimensional
barcode) for tracking of the positioning of the respective
items.

In an implementation, as shown in FIG. 30A, a plurality
of scientific standard solution vessels 1032 are positioned
relative to an automated sampling or dispensing device (e.g.,
sample 1dentification system 1000), where the scientific
standard solution vessels 1032 and any scientific standard
solutions contained therein are accessible by a sample probe
(c.g., sample probe 114). The scientific standard solution
vessels 1032 each include one or more standard identifiers
1034 positioned on the scientific standard solution vessels
1032. For example, the standard 1dentifiers can be positioned
on a portion (e.g., bottom portion, top portion, side portion,
ctc.) of the scientific standard solution vessels 1032 for
access by the identifier capture device 1004. FIG. 30B
shows the standard i1dentifier 1034 positioned on a bottom
portion of a scientific standard solution vessel 1032. The
standard 1dentifier 1034 can include, but 1s not limited to,
one or more of a barcode or a QR code. In an implemen-
tation, the standard identifier 1034 includes a data matrix
two-dimensional barcode in a square matrix form (e.g., a
12x12 matrix, a 13x13 matrix, a 14x14 matrix, a 144x144
matrix etc.). While square matrices are provided as example
data matrix barcodes, 1t 1s contemplated that rectangular
matrices (€.g., a 8x18 matnx, a 16x48 matrix, etc.), or any
other suitable matrix also may be utilized. The standard
identifier 1034 can 1include other identification indicia
including, but not limited to: characters and/or patterns
configured for recognition by an optical camera or sensor;
raised surfaces for recognition by touch sensors, optical
sensors, and the like; illumination sources configured to
generate a particular color (or wavelength), pattern of light,
etc.; other identification indicia configured for recognition
by the identifier capture device 1004; and so forth. The
standard 1dentifier 1034 1s identifiable by an i1dentifier cap-
ture device, such as the identifier capture device 1004 of the
sample 1dentification system 1000. The standard i1dentifier
1034 can provide a unique identification of the scientific
standard solution vessel 1032 and/or the scientific standard
solution contained therein, where such umique identification
can correspond to i1dentification information including, but
not limited to, standard 1dentity, expiration status associated
with the standard, analysis methods associated with the
standard, matrices associated with the standard, elements/
species associated with the standard, concentrations of the
standard, and the like. Such corresponding identification
information can be stored 1n a memory device accessible by
one or more components of the automated sampling device
or associated scientific instrumentation coupled thereto. In
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an implementation, the standard identifier 1034 1s associated
with an expiration status associated with a scientific standard
solution located 1n the scientific standard solution vessel

1032 on which the standard identifier 1034 1s positioned.
The expiration status can include, but 1s not limited to, an
expiration date, an indication that the scientific standard
solution 1s expired, an indication that the scientific standard
solution 1s about to expire (the current date 1s within a
threshold time period (e.g., one day, one week, one month,

etc.) of the expiration date), an mitial preparation date, and
so forth.

In an implementation, when the standard identifier 1034
1s scanned and/or observed by the identifier capture device
1004, the 1dentifier capture device 1004 can generate one or
more data signals associated with the standard identifier
1034 that 1s associated with the expiration status of the
scientific standard solution contained in the particular sci-
entific standard solution vessel 1032. For example, the
system 1000 can imtiate a standard identifier protocol
whereby the 1dentifier capture device 1004 passes under-
neath the scientific standard solution vessels 1032 1n a
sequential manner (e.g., beginning at position 1 shown 1n
FIG. 30C, continuing on to position 2, then continuing onto
position 3, then continuing onto position 4, then, continuing
onto position 3, etc.) to detect the presence (shown as 1036
in FIG. 30C) or absence (shown as 1038 1n FIG. 30C) of a
scientific standard solution vessel 1032 1n a particular stan-
dard position. For instance, when the identifier capture
device 1004 recognizes the standard identifiers 1034 asso-
ciated with the scientific standard solution vessels 1032, the
location of the scientific standard solution vessels 1032 can
be shown via a communications interface, as depicted in
FIG. 30C. Further, data associated with the scientific stan-
dard solutions contained in the scientific standard solution
vessels 1032, provided by the standard identifiers 1034, can
be displayed via the communications interface, such as
shown 1 FIG. 30D (e.g., in tabular form). The communi-
cations interface can provide an expiration status of the
individual scientific standard solutions, which can be dis-
played relative to the positions of the scientific standard
solution vessels 1032. For example, FIG. 30D includes an
expiration date or an expiration status 1040 of each of the
three scientific standard solutions 1dentified by the 1dentifier
capture device 1004, where the communications interface
provides an indication that the scientific standard solution
associated with position or vial 3 has expired (e.g., such as
by comparing an expiry date with a current date). In an
implementation, the system 1000 can provide an alert (e.g.,
via a display device) based upon detection of an expired
scientific standard solution present in a scientific standard
solution vessels 1032 via the standard identifier 1034 (e.g.,
the expiration status 1s indicative of an expired scientific
standard solution). The system 1000 can automatically stop
operation of the sample probe 114 upon detection of the
expired scientific standard solution to prevent addition of the
expired scientific standard solution to any of the sample
vessels 108. The system 1000 can receive user input to delay
operation, such as to permit placement of a new scientific
standard solution vessel 1032 in the position occupied by the
expired scientific standard solution. When user input 1is
received to delay operation, the system 1000 may scan the
standard 1dentifiers 1034 of any scientific standard solution
vessels 1032 present upon resuming operation, such as to
determine whether the user changed the order of scientific
standard solution vessels 1032, change the number of sci-
entific standard solution vessels 1032, introduced new sci-
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entific standard solution vessel(s) 1032 having new standard
identifier(s) 1034, or the like.

In an implementation, as depicted 1n FIGS. 31 through 34,
the autosampler/dispensing device includes an enclosed
sample holder 1102. For example, the enclosed sample 5
holder 1102 can have solid side portions, forming a block.
The enclosed sample holder 1102 may be constructed from
a heat resistive and/or heat retentive maternal including, but
not necessarily limited to: aluminum, tungsten, nickel, tita-
nium, graphite, heat resistant plastic, and so forth. The 10
enclosed sample holder 1102 can be configured to heat the
samples by dispersing heat throughout the sample vessels
108. For example, the enclosed sample holder 1102 can be
removably coupled to a heating element 1104 (such as
shown 1n FIG. 31). In some implementations, the heating 15
clement 1104 comprises a relatively flat platform configured
to recerve the enclosed sample holder 1102 (e.g. a bottom
portion of the enclosed sample holder 1102 rests on the
platform). However other types of heating elements may be
utilized. Heating the samples vessels 108 can reduce the 20
viscosity of the samples (e.g., to improve the accuracy of the
automated sampling or dispensing device, to facilitate trans-
fer of a viscous sample through an analytical instrument
and/or sample preparation system, or so forth). Alterna-
tively, the enclosed sample holder 1102 can be utilized to 25
reduce exposure ol high sensitivity samples (e.g., light-
sensitive samples). In some implementations, the enclosed
sample holder 1102 defines a first set of apertures 1016,
through which the sample vessels 108 may pass, and a
second set of apertures 1018 which prohibit at least a portion 30
of the sample vessels 108 from completely passing through,
as described above. In an implementation (such as shown 1n
FIGS. 31 through 33), the enclosed sample holder 1102
includes a sampling base 1106. The sampling base 1106 can
be removably coupled to the enclosed sample holder 1102 so 35
that the bottom portion of the enclosed sample holder 1102
sits within the sampling base 1106. For example, the sam-
pling base can include one or more rim portions 1108
configured to retain the enclosed sample holder 1102. In
some 1implementations, the sampling base 1106 can include 40
a third set of apertures 1110 that correspond to the second set
of apertures 1018 (e.g., the diameter of the third set of
apertures 1110 1s approximately equal to the diameter of the
second set of apertures 1018). Such a configuration of
apertures may provide an exposed bottom portion of the 45
sample vessel 108 such that a sample 1dentifier 1002 posi-
tioned on the base of the sample vessel 108 1s unobstructed
with respect to an identifier capture device 1004. Alterna-
tively, a bottom portion of the enclosed sample holder 1102
and/or the sampling base 1106 may be constructed from a 50
substantially clear, light transmissive, or transparent mate-
rial to expose the bottom portion of the sample vessels 108.

It 1s contemplated that the size, shape, and materials com-
prising the enclosed sample holder 1102 and/or the sampling,
base 1106 may vary depending on the type, size, and shape 55
of the i1dentifier capture device 1004 used in the automated
sampling/dispensing device, and the type of samples to be
analyzed (e.g., corrosive, nert, and so forth).

In example implementations, the support surface (e.g.,
table top 102) of the automated sampling/dispensing device 60
can be configured to mate with the sample holder 1102 (such
as shown 1n FIGS. 33 and 34). For example, the sampling
base 1106 can include one or more protrusions 1112 (e.g.,
teet). The table top 102 can be keyed with corresponding
recesses 1114 configured to mate with the protrusions 1112. 65
Alternatively, the protrusions 1112 can be located on the
bottom portion of the enclosed sample holder 1102. By
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configuring the table top 102 to mate with the sampling base
1106 and/or the enclosed sample holder 1102, the sampling
base 1106 and/or sample holder 1102 1s properly oriented for
detection by the sample arm assembly 104 and/or the
identifier capture device 1004). For example, the front
portion or top portion of the sample holder 1102 1s direc-
tionally oriented with respect to the sample arm assembly
104 and/or the i1dentifier capture device 1004.

In some 1mplementations, the enclosed sample holder
1102 can include a sample holder identifier 402 configured
to provide dynamic data associated with the enclosed sample
holder 1102 including, but not limited to, a unique rack
identification (ID), a position of the enclosed sample holder
1102, an orientation of the enclosed sample holder 1102
(e.g., a standard orientation, a reverse or tlipped orientation,
etc.), an alignment of the enclosed sample holder 1102, and
the like, as described above. In some implementations, the
sample holder 1dentifier 402 can be located on the sampling
base 1106. Alternatively, the sample holder identifier 402
can be located on a top portion, a bottom portion, a side
portion, a support post portion, or the like, of the enclosed
sample holder 1102, such that the identifier capture device
1004 can recognize the sample holder identifier 402. For
example, the sampling base 1106 can include an aperture
configured to expose a sample holder 1dentifier 402 located
on a bottom portion of the enclosed sample holder 1102. In
some 1implementations, the enclosed sample holder 1102 can
be directionally keyed to fit within the sampling base 1106
in a particular orientation. By keying the enclosed sample
holder 1102, the automated sampling or dispensing device
can detect the orientation of the enclosed sample holder
1102 and/or the proper order/configuration of sample vessels
108 from sample holder identifiers 402 located on the
sampling base 1106. For example, a sample holder identifier
402a including identification information that corresponds

to a front orientation of the enclosed sample holder 1102 wall
correspond to the orientation of both the enclosed sample
holder 1102 and the sampling base 1106.

In some implementations, the identifier capture device
1004 can be positioned beneath the table top 102, as
described above. For example, the autosampler can include
a raised surface 1008 configured to be supported by the
autosampler table top 102 (such as shown i FIGS. 21A
through 21C). For instance, 1n implementations, the raised
surface 1008 defines gaps 1012 in the surface over which the
enclosed sample holders 1102 and/or sample vessels 108
having sample holder 1dentifiers 402 and sample identifiers
1002, respectively, positioned on a bottom surface are
situated. In this manner, the sample holder 1dentifiers 402
and/or sample 1dentifiers 1002 at the base or bottom of the
sample vessels 108 are accessible to the i1dentifier capture
device 1004 when positioned beneath the raised surface
1008 1n the gap 1010 (such as shown in FIG. 22). Alterna-
tively, the table top 102, or a portion thereof, may be
constructed from a substantially clear, light transmissive, or
transparent material to expose the bottom portion of the
sample vessels 108 and/or a bottom portion of the enclosed
sample holder 102. In other implementations, the identifier
capture device 1004 can be positioned above the table top
102 (e.g., mounted to the sample arm assembly 104).
Alternatively, the enclosed sample holders 1102 can be
detected by sensors coupled to the table top 102.

Although particular embodiments of this invention have
been 1llustrated, 1t 1s apparent that various modifications and
embodiments of the invention may be made by those skilled
in the art without departing from the scope and spirit of the
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foregoing disclosure. Accordingly, the scope of the inven-
tion should be limited only by the claims appended hereto.

While the subject matter has been described in language
specific to structural features and/or process operations, 1t 1s
to be understood that the subject matter defined in the
appended claims 1s not necessarily limited to the specific
teatures or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

What 1s claimed 1s:

1. A sample 1dentification system for an automated sam-
pling or dispensing device, comprising;

a sample holder having a plurality of apertures configured
to receive a plurality of sample vessels therein, the
sample holder having one or more corresponding
sample holder identifiers positioned proximate to the
sample holder;

a surface structure supporting at least a portion of the
sample holder, the surface structure defining a slot
extending a length across the surface structure;

a sample arm assembly including a support extending
through the slot, the support coupled with a drive
assembly configured to provide translation of the sup-
port along the length of the slot, the sample arm
assembly further including a sample probe coupled to
the support with at least a portion of the sample holder
positioned between the sample probe and the surface
structure, the sample probe configured to couple with a
tube to receive a fluid from a sample vessel of the
plurality of sample vessels through the sample probe
and 1nto the tube; and

an 1dentifier capture device coupled to the support of the
sample arm assembly with the surface structure posi-
tioned between the sample holder and the identifier
capture device and with the surface structure positioned
between the sample probe and the identifier capture
device, the idenftifier capture device configured to
detect the one or more sample holder 1dentifiers posi-
tioned proximate to the sample holder and generate a
data signal in response thereto, the data signal corre-
sponding to at least an orientation of the sample holder
relative to the surface structure on which the sample
holder 1s positioned.

2. The sample 1dentification system as recited 1n claim 1,
wherein the one or more sample holder identifiers include at
least one of a barcode or a QR code.

3. The sample 1dentification system as recited in claim 1,
wherein the one or more sample holder identifiers include at
least two sample holder identifiers, each of which corre-
spond to a different orientation of the sample holder.

4. The sample 1dentification system as recited in claim 3,
wherein the at least two sample holder identifiers include a
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first sample holder identifier corresponding to a standard
orientation of the sample holder and a second sample holder
identifier corresponding to a reverse orientation ol the
sample holder.

5. The sample 1dentification system as recited in claim 4,
wherein the sample holder includes a distinct label for each
of the plurality of apertures, wherein the first sample holder
identifier 1s positioned on an opposite side of the sample
holder as compared to an aperture of the plurality of aper-
tures having a first designation 1n a series as the distinct
label.

6. The sample 1dentification system as recited 1n claim 4,
wherein the sample holder includes a distinct label for each
of the plurality of apertures, wherein the first sample holder
identifier 1s positioned on a same side of the sample holder
as compared to an aperture of the plurality of apertures
having a first designation 1n a series as the distinct label.

7. The sample 1dentification system as recited i claim 1,
wherein the sample holder includes at least one sample
holder identifier positioned on a bottom surface of the
sample holder, the bottom surface being opposite of a
surface 1n which the plurality of sample vessels 1s received
into the plurality of apertures.

8. The sample 1dentification system as recited 1n claim 1,
wherein the sample holder includes a distinct label for each
of the plurality of apertures.

9. The sample 1dentification system as recited in claim 1,
wherein the data signal further corresponds to information
regarding position of a sample vessel relative to an aperture
of the plurality of apertures.

10. The sample 1dentification system as recited in claim 1,
wherein the sample holder comprises an enclosed sample
holder.

11. The sample 1dentification system as recited in claim
10, further including a heating element removably coupled
to the enclosed sample holder, the heating element config-
ured to disperse heat to the enclosed sample holder.

12. The sample identification system as recited in claim
11, wherein the enclosed sample holder includes a remov-

able sampling base configured to removably mate with the
surface.

13. The sample 1dentification system as recited 1n claim
12, wherein the removable sampling base includes one or
more corresponding sample holder 1dentifiers positioned on
a portion of the sampling base.

14. The sample 1dentification system as recited 1n claim 1,
wherein the surface structure includes a light transmissive
material through which the identifier capture device detects
the one or more sample holder identifiers.
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